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The work assessed the bioecological characteristics of the rare species Juniperus sabina
in Kazakhstan. The significance of the research is that it provides knowledge about the
morphological and adaptive characteristics of juniper. The purpose of the research is to
study the morphoanatomical features'of the vegetative organs of Cossack juniper in the
Karaganda and Ulytau regions. Samples were selected from Karaganda, Zhanaarkinsky,
Karkaraly and Ulytau«egions. The following indicators were determined: juniper length
and width, height and thickness; length of annual growth of shoots, cross-sectional area,
size of the vascular bundle; average diameter of the receptacle, width of the epidermis;
size of the ‘conductive bundle. As a result, it was established that Cossack juniper
(Juniperus sabina)_has a low level of variability in the morphological parameters of
vegetative organs. The growth of individuals was observed in the populations of the
Ulytau and Karkaraly regions, although the development of subcutaneous tissue was not
so great. And in the populations of Cossack juniper in the Zhanaarka region,
subcutaneous tissue, cuticle and epidermis are developed. This reflects the adaptation of
plants to growing conditions in arid regions. The results make it possible to organize

measures to protect juniper as a rare species.

1. INTRODUCTION

Cossac juniper (Juniperus sabina) is a species of juniper
native to various regions;yparticularly in Central Asia and
Eastern Europe. In‘Kazakhstan, this species is included in the
Red Book, which proyvides for biological species that must be
protected. In the Red Book, Cossack juniper is considered in
category Ill-rare, found in small quantities [1]. This species is
of significant ecological importance due to its adaptability to
harsh environments and its role in local ecosystems. The
Cossack juniper (Juniperus sabina) is a rare mountain species
forming small scattered populations. The bushes grow rapidly
in width, forming dense thickets. Shrubs die when shaded by
taller tree species, such as spruce. The wide distribution of the
species could be facilitated by the dryness of the climate
during the Boron period [2]. Small trees with curved trunks are
rarely found in nature. The bark is red-brown, peeling. The
shoots contain essential oil and are poisonous. Needles are of
two types: in young plants and on shady branches, needle-
shaped, straight, pointed, 4-6mm long, bluish-green, soft, with
a pronounced middle root; in adult plants, the needles are scaly,
lamellar. This type of conifers perfectly tolerates air pollution

and dry climate, is well suited for growing in urban areas.
Cossack juniper is used as an air purifier, it fights
environmental pollution and microbes well. It is characterized
by high winter hardiness and is less susceptible to spring burns
than other representatives of the Cypress family [3]. Numerous
scientific studies have established their role in improving the
composition of the air-enrich-ing it with oxygen and purifying
it from harmful impurities, beneficial effects on temperature
and humidity, protection from strong winds, reducing urban
noise. A very valuable quality of shrubs is their ability to
strengthen the soil with their root system. This property is
taken into account when selecting rocks to strengthen sands,
mountain slopes and ra-vines, rocky scree, landslides. But not
all plants can be successfully used for these purposes. Only
those species that have a branched root system that forms a
large number of root offspring are able to consolidate the soil.
The Cossack juniper, which has high ecological plasticity,
decorative effect in steppe conditions and durability (50-80
years) [4, 5]. A characteristic feature of the species is a
pungent smell. Drought-resistant, light-loving, unpretentious
to soils, resistant to smoke and gas, has protective properties
in relation to soils. The shoots are rich in glycosides, saponins
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and flavonoids [6]. Juniper has a healing effect on the forest
environment, releasing more phytoncides than other conifers.
It also promotes the natural renewal of coniferous trees on the
cutting sites. The toxic property of Cossack juniper excludes
the possibility of its use in therapeutic conditions. A shrub
growing mainly in woodlands or foothills [7, 8]. On the
surface of the soil layer, the roots grow rapidly in horizontal
conditions (Figure 1).

Figure 1. Cossack juniper

The Cossack juniper (Juniperus sabina), despite its wide
distribution in the forests of Kazakhstan, remains one of the
least studied conifers. Detailed studies on the study of the form
diversity, biometric and morphometric variability of the
Cossack juniper, the peculi-arities of their renewal in the
Karaganda region have not been conducted. Therefore, it is
necessary to consider the factors that lead to changes in the
environmental conditions of its growth over the past decades.
The Cossack juniper has a healing effect in the forest en-
vironment, produces more phytoncides than other coniferous
trees, forms the microclimate of the surface layer of the
atmosphere and promotes the natural renewal of coniferous
woody plants [9-11].

Due to the fact that this species is included in the Red'Book
as a rare species found in small numbers, measures to)protect
this species are needed in the country. Our'tesearch results are
aimed at studying species that are “adapted™to arid
environmental conditions and have gheir» own' distinctive
morphological features. Therefore,, the sesearch question is
what are the bioecological characteristicstof Cossack Juniper
in the harsh climatic conditions ofuCentral Kazakhstan.
Hypothesis is The Cossack Juniper,in several parts of the
Central Kazakhstan,, has ) bioecological differences. The
significance of these studieswis that the results will add
fundamental knowledge to,the morphological characteristics
of junipers and their potential to influence the environment by
creating a microclimate in the surface atmosphere.

2. MATERIALS AND METHODS

The objects of this study are the Cossack juniper (Juniperus
sabina), which grows on the territory of the Karaganda and
Ulytau regions. Samples were selected from the following
geographical regions: Karaganda, Zhanaarkinsky,
Karkaralinsky and Ulytau districts (Figure 2). The sample
from each population consisted of 5-7 individuals depending
on the population size. A total of 28 individuals were
examined from 4 districts random sampling technique. All
morphological measurements were carried out in triplicate.

In field research, individuals of Cossack juniper were
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collected from four research zones (Karaganda,
Zhanaarkinsky district, Karkaralinsky district, Ulytau district).
In the course of the research work, a comparative
morphological and anatomical study of the Cossack juniper
was carried out on the following indicators: the length and
width of the juniper, height and thickness; the length of the
annual growth of shoots, the cross-sectional area, the size of
the conductive bundle, the average diameter of the receptacle,
the width of the epidermis; the size of the conductive bundle
[12].
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Figure 2. Map ofthessampling point of Cossack juniper in

the Karaganda and Ulytau regions
Notes: o-the city of Karaganda; o-Zhanaarkinsky district; m-Karkaralinsky
district; A-Ulytau district.

Cossack juniper (Juniperus sabina) was stored in ethyl
alcohol for at least a day (20°C, 50% ethanol), after which a
cross-section was made. The resulting sections were placed in
a /drop of glycerin and photographed by viewing under a
Biomed-4 microscope. All data were processed by the
statistical method, and the reliability criterion was calculated
by Manne-Whitney. Statistical processing of the material was
carried out according to the generally accepted methodology
of Zaitsev [13]. The data collected were descriptively and
statistically analyzed using the Excel program, which involved
generating frequency distribution tables. Furthermore, the
Mann-Whitney test, utilizing the Microsoft Office Excel
computer program.

3. RESULTS

Many scientists pay considerable attention to the flexibility
of morphological features of the Cossack Juniper. This is due
to the fact that the juniper stem belongs to one of the most
sensitive organs, instantly reacts to any environmental
conditions. Studying its variability allows us to understand the
direction of the upcoming microevolution. The level of
variation features plays an important role in solving taxonomic
problems in most cases. When describing the juniper family,
signs such as length, width and shape of needles are
necessarily used. Juniperus sabina is a shrub 1-1.5m high, a
dioecious plant [14, 15]. The length of the needles belongs to
one of the most variable signs. It usually continues to change
regardless of where it grows, regions. The needles are scaly,
0.7-1.5cm long, 0.5-1.7mm wide. According to the conducted
studies, the following data were obtained: the length of
conifers collected from the Zhanaarkinsky district ranged from
49mm to 5.0lmm (Table 1). Of the studied objects, the
shortest coniferous plants are found in the city of Karaganda.



Nevertheless, populations in this region are ahead of other
regions in their breadth distribution.

Table 1. Absolute values of vegetative organs of Cossack
juniper (Juniperus sabina)

Indicators of Needles

Research Instances

In, mm Wh, MM gsh, CM
Karkaralinsky district
1 4914.21 0.8940.03 11.12
2 4.8340.69 0.940.08 9.06
3 4.274.32  0.9540.01 10.02
Student's Coefficient 61.9 34.6
Coefficient of 7.26% 8.51%
variation
Zhanaarkinsky district
1 4.940.17 0.940.01 10.84
2 5.0140.34  0.8840.06 1243
3 4.9640.18 0.9240.03 9.68
Student's Coefficient 76.7 39.1
Coefﬂ_ugznt of 7.9% 8.23%
variation
Ulytau district
1 4.5640).2 0.940.04 12.55
2 4.714.74  0.9840.03 11.02
3 4.7940.21 0.9840.1 11.94
Student's Coefficient 68.2 35.9
Coefficient of 7.44% 8.62%
variation
Karaganda
1 4.0940.37  0.89#40.01 9.74
2 4.4240.64  0.9540.06 12.61
3 4.234.31  0.9840.03 10.27
Student's Coefficient 69.7 33.8
Coefficient of 731% 8.53%

variation
Notes: 1,- needles length, w,- needles width, gq- Current growth of shoots.

Table 2. Biometric indicators of Cossack juniper (Juniperus

sabina)
Research Area Ph, cm dn, mm Pd, pcs/ha
Karkaralinsky district ~ 92.845.8 7.74.6 937
Zhanaarkinsky district ~ 76.845.9 6.520:5 550
Ulytau district 89.145.1 6.240:3 181
Karaganda 102.843.6 8.010.3 40

Notes: Ph - Plant height, d,- Diameter '2 by height, Pd - Plant density.

The total length, width of coniferous trees, and length of
coniferous trees domot.depend on'the age of the coniferous
juniper. These features were observed in populations in all
regions of the study:

The thickest thickets, of Cossack juniper are characteristic
of the forests of the Karkaraly district compared to all the
regions studied (Table 2). The average area of the total crown
projection was 1.01+0.3m? in Karaganda and 1.8+0.21m? in
Karkaraly district. The formation of the crown depends on the
growing environment and genetic char-acteristics of the
Cossack juniper, the crown of most of the experimental objects
is loose. The main complex adverse factors of vegetation
include drying of lateral shoots. Mechanical damage to
Cossack juniper, such as falling bushes and breaking by people,
occur in 0.5-11.8% of plants, stem or root rot in 1.2-8.1% of
plants.

Such indicators of coniferous plants as the thickness of the
epidermis, hypodermis and the diameter of the receptacles
were also studied. A cross-section was made to the object of
the study and a study was conducted. At the end of the study,
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the following signs were described below.

Figure 3. Crosssseetion of needles of Cossack juniper
(Juniperus sabina). (a)-an object from the city of Karaganda;
(b)-an objectfrom the Zhanaarkinsky district; (c)-an object
from the Karkaralinsky district; (d)-an object from the Ulytau
district

Table 3. Anatomical indicators of Cossack juniper
(Juniperus sabina) growing in dry conditions

Research Area da, mm w, mkm _ sb, mkm
Karkaralinsky district 15 0.5 1.7
Zhanaarkinsky district 1.8 0.6 15

Ulytau district 15 0.5 1.7

Karaganda 1.9 0.5 2.5

Notes: d, - The average diameter of the place of receptacles, w- Width of the
epidermis, sb - The size of the conducting beam

The studied anatomical features have less variability and
therefore belong to low or very low variability. The medium
and high level of variation are characterized by the size of the
conducting beam [16-19]. The total length, width of
coniferous trees, the length of coniferous trees, the width of
the epidermis do not depend on the age of the coniferous
juniper [18, 20]. But the cross-sectional area and the area of
the conducting beam tend to increase (Figure 3). These
features were observed in populations in all regions of the
study. The cuticle of a young juniper thickens, as a result of
which the size of the cross-section becomes larger.

If we focus on the anatomical parameters of the Cossack
juniper growing in arid conditions in the studied regions
(Table 3), then in all regions the epidermis of the Cossack
juniper has a width of one size, and the size of the conductive
bundles in the Karkaralinsky, Zhanaarkinsky and Ulytau
districts is 1.5-1.7 microns, then the size of the conductive
bundles of the collected object was 2.5 microns.

The Cossack juniper (Juniperus sabina) experiences large
anthropogenic loads in urban conditions (Table 4). The above
results obtained by the coefficients of variation of signs show
that the Cossack juniper has a low level of variability of
anatomical features of vegetative organs. According to the



results, the calculated values of the Student's t-test are much
higher than the tabular ones. According to the data obtained,
the arithmetic mean values are quite reliable.

Table 4. Values of signs of needles of Cossack juniper
(Juniperus sabina)

Signs of Needles, mkm

Indicator
In Wn d We
Karkaralinsky district
5.324.75 3.840.41 1.540.05 0.5240.02
Coefficient 5 g9, 8.1% 8.2% 8.6%
of variation
Average
sampling 0.26 0.14 0.05 0.02
error
Zhanaarkinsky district
5.5440.61 4.0840.18 1.8240.02 0.54#0.01
Coefficient 1, 2.7% 4.6% 10.1%
of variation
Average
sampling 0.05 0.05 0.04 0.02
error
Ulytau district
4.6840.37 3.4640.39 1.540.05 0.4940.06
Coefficient 0 0 0 0
of variation 10.8% 27.7% 12.5% 4.6%
Average
sampling 0.23 0.43 0.08 0.01
error
Karaganda
5.140.11 3.82#).63 1.7640.04 0.5240.03
Coefficient 41905 1779%  30.49% 8.6%
of variation
Average
sampling 0.23 0.3 0.24 0.02
error
Notes: 1, - Length, w,- Width, d- Diameter of the container, w.- Width.of the
epidermis.
18
16
14
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Figure 4. The main parameters of structural differences of

Cossack Juniperus surface in different areas of Kazakhstan
Notes: 1-Karkaralinsky; 2-Zhanaarkinsky; 3-Ulytau; 4-Karaganda.

During the research work, it is possible to observe a good
development of hypoderm in the populations of juniper of the
Cossack Zhanaarkinsky district, and in the populations of
juniper of the Cossack Ulytau and Karkaraly districts, the
development of hypoderm is not so great (Figure 4). It should
be noted that such characteristics as: length, width of the
needles, length of the tip, width of the stomatal stripe, number
of parietal cells, thickness of the hypodermis and epidermis,
number, length, width of stomata, thickness and height of the
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keel did not change depending on the age of the needles.
However, the thickness of the needles, the area of the cross-
section, the area of the conductive bundle and resin channel,
and the thickness of the cuticle tended to increase. The
epidermis of Ulytau district is better developed than other
regional facilities. It gives coniferous plants a protective
ability in the event of adverse conditions.

These features were observed in all studied populations.

In the literature, as indicated in the introduction, there is
scant data on the size of the life forms of the Cossack juniper,
mainly they relate to the height of plants. In the works of
Capper O. G., Dzhanaeva V. M. and Sokolov S. Ya. tree-like
forms (from 4-8 to 10-15 meters in length) are found in Central
Asia [21-23]. And in the works of Koropachinsky 1.U. and
Vstovskaya T.I. in the Altai regions, the Cossack Juniper
grows as a 2.5-meter tree [24]. If we talk about shrubby forms,
that is the information in the literature of Dzhanaeva V. M.,
Kolesnikov A.l., Mamaev S.A. and Yu.E. Alekseev they are
as follows: erect shrubs reach a height of 2 meters, creeping
(including semi-prostrate) -1=1.5 meters [25-27].

4. DISCUSSION

Among the many'species of Juniperus, J. communis species
has the largest distribution area and is very well studied. And
mostly junipers growing in Russia, Armenia and Slovakia
havedbeennstudied. The species have been little studied in the
conditions of Kazakhstan; therefore, our results show the
distinctive features inherent in junipers of arid territories [28].
While over the course of a century, juniper (Juniperus spp.)
has been encroaching on the grasslands of the western United
States, changing the landscape and reducing food resources
[29-31], in Kazakhstan this species is considered a population
as an important link in the ecosystem.

Cossac Juniper is a shrub or small tree that typically reaches
heights of 1-5 meters. It has a distinctive conical or spreading
form, with dense, scale-like leaves that are typically green to
bluish-green. The bark is thin and fibrous, often peeling in
strips. The species is dioecious, with separate male and female
plants. Male plants produce pollen cones, while female plants
produce berry-like seed cones, which are typically dark blue
to black when mature [32]. In Kazakhstan, Cossack Juniperus
exhibits morphological traits like those found in other regions.

Juniperus cossackia thrives in a variety of habitats, from
rocky slopes and steppes to forest margins and scrublands. It
is highly adaptable to different soil types, including calcareous,
sandy, and rocky soils, often found in regions with low
nutrient availability. This species is particularly well-suited to
arid and semi-arid climates, exhibiting a high tolerance for
drought conditions. It is commonly found at elevations ranging
from sea level to 2500 meters [33].

Juniperus sabina thrives in the varied landscapes of
Kazakhstan, from the lowland steppes to mountainous regions.
The species is particularly common in the Tien Shan and Altai
Mountains, where it grows on rocky slopes, forest margins,
and steppes. It is highly adaptable to different soil types,
including calcareous, sandy, and rocky soils, and often thrives
in nutrient-poor conditions. The species is well-suited to the
arid and semi-arid climates of Kazakhstan, showing a high
tolerance for drought [34].

Cossac Juniper plays a vital role in its native ecosystems. It
provides essential habitat and food for various wildlife species.
The berries are a food source for birds and mammals, while



the dense foliage offers shelter. The species also contributes to
soil stabilization and erosion control, particularly in
mountainous and arid regions. Furthermore, Juniperus
cossackia is involved in nitrogen fixation, improving soil
fertility and promoting the growth of other plant species [35].

During our research work, it is possible to observe a good
development of hypoderma in the populations of juniper of the
Cossack Zhanaarkinsky district, and in the populations of
juniper of the Cossack Ulytau and Karkaraly districts, the
development of hypoderma is not so great. According to
research of the adaptability of Juniperus cossackia to harsh
environmental conditions there is attributed to several
physiological and morphological traits:

(1). The species has deep root systems that access water
from deeper soil layers, allowing it to survive prolonged dry
periods. Additionally, the scale-like leaves reduce water loss
through transpiration [36].

(2). Cossac Juniper can withstand a wide range of
temperatures, from cold winters to hot summers. Its fibrous
bark provides insulation against temperature fluctuations [32].

(3). The dioecious nature of the species promotes genetic
diversity. The berry-like cones, dispersed by birds and
mammals, ensure effective seed distribution over large areas
[33].

(4). The species can grow in poor, rocky soils where other
plants may struggle. Its ability to fix nitrogen helps it thrive in
nutrient-poor environments [35].

In the conditions of increasing urbanization, the greening of
cities with woody and shrubby plants, which create a more
comfortable environment for human life, plays a great
ecological, aesthetic and social importance. Conifers are used
in urban landscaping in greater numbers, as they have unique
properties: they heal the atmosphere and emit a large amount
of phytoncides into the environment, and also retain their
decorative qualities regardless of the time of year [37].

The authors also described environmental problems arising
from heavy metal contamination of soils, especially integions
such as southern Kazakhstan, where hazardous materials have
accumulated because of human activitiesjyincluding mining,
industry and agriculture. Experimental “evidence” on the
phytoremediation potential of common pea'(Pisumi’sativum) in
gray soils of Southern Kazakhstan willimake it possible to
predict the effectiveness of phytoremediatien measures [38].

The authors studied antimicrobial ¢hemicals are compounds
that can inhibit the growth or kill mierobes. Leda (Eucalyptus
deglupta Blume) is a.medicinal plant that has the potential to
be a safe antimicrobial agent, They showed the presence of
alkaloid compounds, flavonoids, saponins, tannins, terpenoids
and carotenoids in the Leda extract [39].

Juniperus sabina is quite promising for greening cities in
the conditions of the steppe region. This plant is unpretentious
to climatic conditions: cold-resistant, highly fire-resistant,
undemanding to soils, light-loving, smoke- and gas-resistant,
does not suffer from burns [40].

Juniperus sabina L. (Cossack juniper) is a dioecious shrub,
up to 2 m tall. Needle—like needles in young plants, later - scaly,
1-2mm long, with a sharp unpleasant odor. The bark is red-
gray in color. The fruits are oval, brown-black, 5-8mm in
diameter, with a blu-ish bloom, ripen in the second year. Seeds
in shishkoyagoda from 2 to 6 pieces [41].

Some authors examine the symbiotic dynamic between
agricultural and forestry interests, highlighting the challenges
and successes encountered across three generations of SF
programs. Community forestry in Lampung provides farmers
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with security of land tenure, increased income and reduced fire
incidence, but success depends on specific factors and
technical support [42].

According to our results, the thickness of the needles, the
area of the cross-section, the area of the conductive bundle and
resin channel, and the thickness of the cuticle tended to
increase. All junipers have a similar needle structure. They are
characterized by a centric type of mesophyll, thickened
epidermal membranes, stomata only on the upper side of the
needles, submerged to the level of the hypodermis, a thick
layer of cuticle, single-row hypodermis (less often 2-4 rows),
location of the vascular bundle in the center of the needles,
transfusion tissue on both sides of the bundle, one resin
channel. Different growing conditions contribute to the
emergence of peculiarities in the structure of needles.

The results of the study allowed us to determine that the
Cossack juniper (Juniperus sabina) has a low level of
variability of morphological parameters of vegetative organs.
Growing individuals were observedyin' the populations of
Ulytau districts and Karkaraly districts, the development of
subcutaneous tissue is not so great, and in/the populations of
juniper of the Cossack Zhanaarka district, good development
of subcutaneous tissue cuticle and epidermis can be observed.
Juniperus sabina in_the Karkaraly region differs more
developed mesophyll, cuticle, epidermis and hypodermis,
large resin canals and €¢onducting bundles, which reflects the
adaptation of'plants.to‘harsh climatic conditions.

In“futher, studies, it is worth measuring which populations
have greater potential for use as medicinal raw materials. For
example, some studies have measured the antifungal and
phytochemical properties of Juniperus Phoenicea against
appleidiseases caused by Colletotrichum gloeosporioides and
Alternaria alternata. In addition, Juniperus phoenicea extract
showed very noticeable antioxidant activity. Phytochemical
analysis revealed various abundant phenolic acids in the three
plants studied, namely quinic acid, gallic acid, chlorogenic
acid and caffeoylquinic acid, as well as other flavonoids,
mainly quercetin and catechin [43].

5. CONCLUSIONS

According to the results obtained, the Cossack juniper
(Juniperus sabina) experiences large anthropogenic loads in
urban conditions. The results of the study allowed us to de-
termine that the Cossack juniper (Juniperus sabina) has an
average level of variability of morphological and anatomical
parameters of vegetative organs. Considering the level of
phenotypic variability of morphological features as an
indicator of intraspecific differentiation, the signs of
vegetative organs collected from Karaganda objects are much
smaller in comparison with species growing in forests. If we
consider the differences between the studied populations of the
Cossack juniper, we notice that in the populations of the
Ulytau and Karkaraly regions the development of the
hypodermis is not so great, and in the populations of the
Cossack juniper of the Zhanaarka region, good development
of the hypodermis, cuticle and epidermis can be found. The
Karkaraly region is distinguished by more developed
mesophyll, cuticle, epidermis and hypodermis, large resinous
conditions and vascular bundles, which reflects the adaptation
of plants to harsh climatic conditions. This, in turn, reflects the
adaptation of plants to the harsh growing conditions in such
regions. All studied parameters of a cross section of needles



are stable characteristics and vary, as a rule, at a low level.
There is a high correlation of anatomical features of needles in
all studied populations.

It can also be noted that Cossack Juniper plays an important
role in the ecosystem of Central Kazakhstan, because by
releasing phytoncides, it has the potential of medicinal raw
materials. Subsequent studies have opened questions about the
content of biologically active substances in Cossack juniper in
populations of various regions of Kazakhstan. The results of
our research will be useful for understanding the adaptive
abilities of plants in Central Kazakhstan. In a practical sense,
the results can be the basis for studying the physiological and
pharmaceutical properties of this species under growing
conditions in harsh climatic regions of Asia.

Cossac Juniper, is a remarkable species with a wide range
of bioecological characteristics that enable it to thrive in
diverse and often challenging environments. Its role in
ecosystem stability, soil fertility, and providing habitat for
wildlife underscores its ecological importance. Understanding
these characteristics is crucial for conservation efforts and
managing habitats where this species is present. Further
research into its adaptive mechanisms and ecological
interactions will enhance our ability to protect and utilize this
valuable species effectively.
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NOMENCLATURE

d
da

dn
Osh

diameter of the container, mkm

the average diameter of the place of
receptacles, mm

diameter ¥ by height, mm

current growth of shoots, cm



In

Pd
Ph
sb
We
Whn

needles length, mkm
plant density, pcs/ha
plant height, cm

the size of the conducting beam, mkm
width of the epidermis, mkm

needles width, mkm
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